In this study, we developed a novel and rapid method to generate in vitro three-dimensional (3D) multicellular tumor spheroids using a surface acoustic wave (SAW) device. A SAW device with single-phase unidirectional transducer electrodes (SPUTD) on lithium niobate substrate was fabricated using standing UV photolithography and wet-etching techniques. To generate spheroids, the SAW device was loaded with medium containing human breast carcinoma (BT474) cells, an oscillating electrical signal at resonant frequency was supplied to the SPUDT to generate acoustic radiation in the medium. Spheroids with uniform size and shape can be obtained using this method in less than 1 minute, and the size of the spheroids can be controlled through adjusting the seeding density. The resulting spheroids were used for further cultivation and were monitored using an optical microscope in real time. The viability and actin organization of the spheroids were assessed using live/dead viability staining and actin cytoskeleton staining, respectively. Compared to spheroids generated using the liquid overlay method, the SAW generated spheroids exhibited higher circularity and higher viability. The F-actin filaments of spheroids appear to aggregate compared to that of untreated cells, indicating that mature spheroids can be obtained using this method. This spheroid generating method can be useful for a variety of biological studies and clinical applications.
INTRODUCTION
Monolayer cultures are commonly used in cancer research and anti-tumour drug development. However, monolayer cultures suffered the loss of stroma components and extracellular matrix, and therefore cannot reflect in vivo microenvironment realistically. Three-dimensional (3D) multicellular spheroids are frequently used in cancer and morphogenesis studies, as 3D spheroids can mimic the microenvironment of in vivo tissues more realistically compared to monolayer culture (1, 2) . Different cell types such as hepatocytes (3) and embryonic stem cells (2, 3) can form 3D spheroids in vitro. For example, liver hepatocellular carcinoma cells (HepG2) has been used to form 3D spheroids, these spheroids can maintain their viability and functions as well as expressing 500 more protein markers compared to monolayer culture (4) . Liquid overlay and hanging drop methods are commonly being used to generate 3D spheroids; however, these methods involved laborious and tedious procedures (5) . Herein, we developed a surface acoustic wave (SAW) microfluidic device and developed a simple protocol to produce in vitro 3D tumor spheroids with uniform size within a minute. The SAW device has shown to rotate and move fluid with micro-volumes in a rapid and controllable fashion through surface acoustic streaming. The SAW device is small, disposable and low cost, and is therefore advantageous for drug delivery applications (6) . In this study, we generated BT474 breast cancer cell spheroids using the SAW device and evaluate the physiochemical properties of these spheroids. 
METHODOLOGY
To generate spheroids, the SAW device was loaded with medium containing human breast carcinoma (BT474) cells, an oscillating electrical signal at resonant frequency was supplied to the SPUDT to generate surface acoustic streaming in the medium. Spheroids with uniform size and shape can be obtained using this method in less than 1 minute as shown in Fig.1 . We compared tumor spheroids generated by the SAW device to those generated by conventional liquid overlay method. The spheroids morphology was evaluated using optical microscopy, the spheroid sizes were measured using image processing software ImageJ. The viability of the spheroids was investigated according to the procedure described in (7) using a LIVE/DEAD staining kit (Life Technologies Pty Ltd, Australia), these spheroids were further examined using actin filament staining. All experiments were repeated three times.
RESULTS
BT474 spheroid can be generated by the SAW device within one minute. At day 1, the SAW generated spheroids exhibited spherical morphology as shown in representative confocal microscopy image ( Fig. 2A) . In contrast, spheroid generated using the same number of cells by conventional liquid overlay method exhibited irregular shape starting from the first day. After 7 days of cultivation the liquid overlay method generated spheroids continued to exhibit irregular morphology, whereas SAW generated spheroids continued to exhibit spherical morphology.
The cell viability of tumor spheroids formed by the SAW streaming and the liquid overlay method was examined. Viable cells can be stained by Calcein AM and appeared in green. It can be seen in Fig. 2 that most cells in the periphery layer of spheroids (SAW generated and control) remained viable, where cells at the centre of the spheroids lost their viability due to lack of oxygen and nutrients exchange, such necrotic core feature is commonly being observed in large spheroid (8). Factin filaments of SAW generated spheroids appear to aggregate compared to that of monolayer cells (data not shown), indicating that mature spheroids can be obtained using this method. 
CONCLUSION
A surface acoustic wave device is developed for rapid 3D spheroid generation. Compared to conventional liquid overlay method, SAW method can generate spheroid efficiently within 1 min using simple approach. The resulting spheroids were found to be viable and exhibited uniform in morphology. The spheroids produced by this method can be useful for various drug-screening, cancer, and tissue morphogenesis studies.
